In order to explore the nonlinear relationship between financial support, technological progress and energy efficiency, a panel smooth transition regression (PSTR) is developed to analyze the impact of financial support and technological progress on the energy efficiency. Based on panel data of 30 provinces in China from 2003 to 2016, the total-factor energy efficiency of 30 province-level divisions in China are evaluated using Data Envelopment analysis (DEA). The results show that financial support and technological progress are generally conducive to increasing energy efficiency. However, the increment effect of financial support and technological progress on energy efficiency transitions smoothly between high and low regimes with the changes of the transition variables, such as local government expenditure; foreign direct investment, energy structure and industrial structure. Therefore, the results emphasize the need for enhancing financial support and technological progress in increasing energy efficiency.
Introduction
In the course of economic development, humankind needs continuous exploitation of resources and energy consumption. However, while energy consumption has brought great convenience to human beings, it also faces problems, including environmental pollution and climate warming Li and Wang, 2017; Hou et al., 2018) . In the past 40 years of reform, China has maintained a rapid economic growth of about 10% per year for more than 30 years, and has achieved remarkable accomplishments (Wang et al., 2013; Wang and Wei, 2014; Shahbaz et al., 2018) . However, this rapid economic development has been coupled with huge energy consumption and serious environmental problems (Chen and Jia, 2017) . In 2017, China accounted for 23.2% of global energy consumption and 33.6% of global energy consumption growth. China has ranked first in global energy growth for 17 consecutive years. And China's environmental pollution situation is grim, the smog weather is frequent, the urban river water body is black and stink and soil pollution are prominent.
Environmental and resource issues have become important factors that have constrained the sustainable development of China's economy. Therefore, improving energy efficiency and achieving sustainable economic growth is one aspect that should not be ignored in the current phase of economic development. The main factors for improving energy efficiency are technological progress, energy prices, energy structure, industrial structure (and forms of ownership), among which the role of technological progress is particularly important, with technological progress requiring strong support from the financial system. At the same time, the coupled development of the financial industry and the energy industry plays an important role in optimizing and upgrading the energy industry structure and improving efficiency. Therefore, it is of great significance to explore the relationship between financial support, technological progress and energy efficiency.
Numerous studies have shown that financial support has a fundamentally important impact on technological progress (Benfratello et al., 2008; Kenney, 2011; Brown et al., 2013; Hsu et al., 2014) . On the one hand, based on King and Levine's (1993) expansion of the new Schumpeter growth model, the continuous improvement of the financial system will enable financial intermediaries to obtain more effective project information, so as to better mobilize and use savings, and to invest more funds. Effective projects help firms to diversify risks and promote technological innovation. If the government takes carbon reduction as an important goal, under the guidance of government subsidies, firms will increase investment in technology research and development. Benfratello et al. (2008) shows that the development of the banking industry has influenced the possibility of process innovation, especially for companies in high-tech industries. Amore et al. (2013) shows that banking development plays a key role in technological progress and that bank deregulation has a significant positive impact on the quantity and quality of innovation activities. Kim and Park (2016) pointed out that financial development could reduce CO 2 emissions by addressing the role of financial markets in renewable energy. Normally, there is a positive correlation between the bank credit financing obtained by the company and the level of corporate innovation.
On the other hand, adjacent area increase in environmental protection constraints; high-pollution and high energy-consuming, enterprises migrate to their surrounding areas, causing negative external effects. Research and development of new energy technologies are often accompanied by high risks, and investors with low-risk preferences will evade the choice (Aguilera and Ortiz, 2013; Jabbour et al., 2015) .
Technological progress is a key factor influencing energy efficiency. It has a rich connotation. Its impact on energy efficiency does not only refer to the promotion and application of energy-saving emission reduction technologies, but also manifests itself in many aspects of the entire economic operation. Endogenous growth theories attribute the important driving force of economic growth to innovation activities in various fields supported by the accumulation of knowledge in the whole society (Li et al., 2017; Liu, 2017) . Jaffe et al. (2002) shows that technological advances may both
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increase and decrease CO 2 emissions. Mann and Richels (2004) believe that ignoring endogenous technological progress may exaggerate the impact of economic growth on the environment. Gerarden et al. (2017) demonstrate that energy-efficient technologies offer considerable promise for reducing the financial costs and environmental damages associated with energy use, but it has long been observed that these technologies may not be adopted by individuals and firms to the degree that might be justified, even on a purely financial basis. Costantini et al. (2017) show that the introduction and adoption of green technologies are considered the most cost effective way to reduce environmental pressure without compromising economic competitiveness. The impact of financial support on energy efficiency has two sides. Financial support to improve energy efficiency is mainly due to financial support to guide credit funds to low-carbon enterprises, forcing high-energy and high-pollution enterprises to transition to low-energy and low-pollution. Financial support can reduce the risk of low-carbon transformation of enterprises to improve total factor productivity. Further, support can drive technological innovation by screening and supporting research and development of low-carbon technologies. Financial support to reduce energy efficiency is mainly due to the use of financial resources to expand reproduction, enterprises will increase energy consumption in the initial stage of technology research and development, a large number of inputs cannot form effective output will lead to energy efficiency decline.
The above arguments refer to positive and negative effects between financial support, technological progress and energy efficiency. As the economy moves to higher levels of development, some effects outweigh others. Therefore, depending on the level of development there can be a nonlinear relation among variables. Based on these, taking China as an example, this paper will analyze the impact of the financial support and technological progress on energy efficiency. This paper will expand and supplement the existing literature from the following aspects. Firstly, this paper intends to reveal the promoting mechanism of the financial support and technological progress on energy efficiency, which can enrich the theoretical research of energy efficiency. Secondly, this paper measures energy efficiency in China using the DEA-Malmquist Model. Thirdly, the nonlinear relationship between financial support, technological progress and energy efficiency is tested by using the PSTR Model.
Variable definitions and model settings

Carbon dioxide emissions
Calculating energy efficiency first requires measuring CO 2 emissions. Given that the combustion of fossil fuels is the main source of carbon emissions in China, the estimation of carbon emissions is conducted under the framework proposed by the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (Zhang and Da, 2015; Zhang et al., 2017) . Considering the circumstances of China, the calculation of carbon emissions is based on the consumption of coal, oil, and natural gas. This paper selects 30 provinces, excluding Tibet, Hong Kong, Macao and Taiwan from research sample, to preserve the integrity of the data. The sample interval used is annual data from 2003 to December 2016. The coal, oil and natural gas consumption data of all provinces comes from the Wind database, and is converted into standard coal according to the unified calculation of various energy consumption in the China Energy Statistical Yearbook, and the energy structure of coal, oil, and natural gas in each province is calculated. The estimation formula is:
In formula (1), CO 2 is carbon dioxide emissions; i E is the energy consumption, and I = 1, 2, 3 indicate coal, oil, and natural gas, respectively; i T refers to the calorific value conversion coefficient of energy source i; i C refers to the carbon emission coefficient of energy source i; i R refers to the carbon oxidation coefficient of energy source i; and 44/12 is the chemical relative atomic mass ratio used to convert carbon to an equivalent amount of CO 2 .
Energy efficiency
Parametric and non-parametric are commonly used methods for measuring efficiency. The parameter method needs to construct a specific optimal production preamble function to make the efficiency calculation of the decision-making unit. The non-parametric method does not need too many assumptions and directly uses the linear programming method to construct the optimal production frontier. Data envelopment analysis (DEA) is recognized in the literature as a powerful method, more suitable for performance measurement activities than traditional econometric methods, such as regression analysis and simple ratio analysis (Filippini and Zhang, 2016; Al-Refaie et al., 2016) . Therefore, a calculation using DEA does not need to set various assumptions in advance, and does not need to look for the specific functional form of the production frontier. Caves et al. (1982) define the Malmquist index as:
The index reflects the improvement of total factor productivity for each decision-making unit from period t to t + 1 under fixed-scale remuneration. If the index is greater than 1, it indicates that the efficiency has risen, and vice versa. Fare et al. (1994) decompose the Malmquist index into the technical efficiency index (EFFCH) and technological progress index (TECHCH):
According to the index construction and decomposition process, as long as the "input-output" indicators are selected, the energy efficiency can be measured and decomposed into TECHCH and EFFCH. EFFCH measures the distance from the decision-making unit to the production frontier from t to t + 1. In this paper, it refers to the technical efficiency in provinces. When EFFCH > 1, this indicates that the technical efficiency has improved, and vice versa. TECHCH measures the degree of excursion of the frontier of production in decision-making units. In this paper, it refers to the technological development. When TECHCH > 1, this indicates that there has been a technical advance, and vice versa.
This article analyzes China's provinces' total factor energy efficiency from the perspective of factor input and output. Input indicators include energy input, labor input, and capital investment. Output indicators include expected economic output and unanticipated environmental pollution indicators. Among them, the input indicators are the total energy consumption of provinces converted to standard coal; the labor force is the number of employees at the end of the year in each province and capital investment is the fixed capital stock of each province. The output indicator is GDP (2002 constant RMB) and carbon dioxide emissions of each province. Table 1 below summarise descriptive statistics for all variables used in our study. For each variable, we give average value, median, standard deviation, minimum and maximum values. Descriptive statistics are presented to describe the basic characteristics of data used in this study-concerning the 30 provinces of China over the period from 2003 to 2016. The MaxDEA software is used to measure energy efficiency, and the overall results of energy efficiency are shown in Table 2 . Firstly, Guangdong, Jiangsu and Shandong performed well from 2003 to 2016. Their energy efficiency is all greater than 1. Secondly, Heilongjiang performs the worst, its average energy efficiency is 0.9281, which is the smallest among all the DMUs. Thirdly, more than half of the regions in China performed well from 2003 to 2016. 20 regions generate average energy efficiency that exceeds 1. Fourthly, the energy efficiency trend of regions is not promising since the energy efficiency of most the DMUs did not show any obvious increasing trend during the fourteen-year period. Also, taking Henan as an example, where energy efficiency had increased from 0.917 to 1.158 (2003-2009) and reduced from 1.158 to 0.993 (2009-2016) . Finally, we find that the developed regions generally performed better than the less developed regions. Notably, all the efficient regions are developed regions. These results show us that the energy efficiency of the less developed regions in China is not optimistic and more action need to be taken, by both industry and government, in practice to handle with the undesirable outputs of the industrial enterprises. 
Financial support and transition variables
Financial support is mainly considered from the perspectives of banking, securities, and insurance. Financial support is measured by the ratio of total bank loans to GDP, the ratio of total market capitalization of listed companies to GDP, and the depth of insurance. In order to correctly identify the impact of financial support and technological progress on energy efficiency, this paper supplements the accuracy of empirical results by setting transition variables. Government intervention ability (GOV), is an The large inflow of FDI capital not only brings sufficient capital for the host's economic development, but also provides research and development funds for the improvement and upgrading of energy technologies, and promotes the improvement of energy resource utilization efficiency. This indicator is expressed in terms of the proportion of the total foreign investment actually utilized by Chinese provinces in the province's GDP. Energy consumption structure (ESC): The energy consumption structure has a major impact on the improvement of energy efficiency. In areas where consumption structures such as coal and petrochemical are the main components, the more that carbon emissions and other pollutants are emitted, which is detrimental to regional environmental quality and energy efficiency. Increased efficiency. This indicator uses coal consumption of all provinces in China as a percentage of the province's total energy consumption. Industrial Structure (IS): The energy consumption intensity of different industries varies greatly. The higher the proportion of high-energy-consuming industries in a region to the national economy of the entire region, the more difficult it is to increase energy efficiency. This indicator is expressed in terms of the ratio of the tertiary industry output value to the province's GDP. Table 3 below summarizes descriptive statistics for all variables used in our study. 
Model setting
Resulting from varying energy efficiency in different time periods, the influence factors on energy efficiency may have nonlinear characteristics. Therefore, it is necessary to construct a non-linear function model of the factors affecting the physical economic vulnerability. To investigate the impact of financial support and technological progress on energy efficiency, we specify the following four models.
Empirical results
Before testing the PSTR model, there are some pre-tests that should be performed. The first one tests for stationarity of all variable used in this study. The second tests the linearity or homogeneity and the third test is undertaken to identify the number of transition functions. The objective of this empirical study is to confirm that there is a non-linear relationship. To this end, we conduct a test of linearity against the PSTR model. The null hypothesis is H 0 : . If the "non-linearity test" rejects the original hypothesis, further "surplus non-linearity test (H0: r = 1; H1: r = 2)" is required, which means the test has one or two transition functions. At this point, the smoothing parameter for the second transition function is expanded into a first-order Taylor linear expression at 0, and an auxiliary regression equation is constructed. Using a method similar to "linearity test", the LM, LM F , and LRT statistics are calculated. If you still reject H 0 , you need to continue the "remaining non-linearity test" until you cannot reject H 0 . Finally, the number of optimal transition functions r for the model can be obtained.
Models non-linearity test and residual nonlinear test results are shown in Table 5 . From Table 5 , we can see that in the four control variables, as the transition variable model, the three statistics of the nonlinear test LM, LMF and LRT are significant at the 1% level, strongly rejected the number of transition functions as The null hypothesis of 0, that is, the number of transfer functions should be at least 1, there is a nonlinear transition mechanism, and the PSTR model should be used for estimation. In the remaining non-linear tests, the LM, LMF and LRT statistics in all models are not significant, which means the number of transfer functions should be considered to be 1. Therefore, the number of the transfer functions r of models (6) to (9) is all determined to be 1. Table 6 presents the estimation of PSTR model for the whole sample of 30 provinces of China during the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] .
The results of model (6) show that the positional parameter of the model is 0.266, which means that the value of its government intervention variable is 0.266, which indicates that the energy efficiency is impacted by the different effects of technological progress and financial support. When the government intervention variable value is lower than 0.266, the PSTR model tends to low regime, the maximum value of the technical progress on energy efficiency promotion is 0.7574, and when the government intervention variable value is greater than 0.266, the PSTR model tends to high regime, and technological progress on energy efficiency. The impact weakened to 0.4839 through the smooth transfer function, which means that the increase in government intervention will reduce the impact of technological progress on energy efficiency. For financial support variables, the PSTR model tends to low regime, the maximum value of bank loans for energy efficiency promotion is −0.0014, the PSTR model tends to high regime, and the effect of bank loans on energy efficiency eventually increases to 0.1149 through smooth transfer function. The increase in government intervention will increase the impact of bank support on energy efficiency. When the PSTR model tends to low regime, the maximum value of the listed company's total market value for energy efficiency promotion is 0.001. When the PSTR model tends to high regime, the impact of the listed company's total market value on energy efficiency eventually weakens to 0.0479 through the smooth transfer function. The increase in government intervention will reduce the impact of capital markets on energy efficiency. The impact of the insurance industry on energy efficiency is not significant. t-statistics are shown in parentheses below the estimated coefficients. "***", "**" and "*" Denote statistical significance at the 10%, 5%, and 1% levels.
The results of Model (7) show that the positional parameter of the model is 0.5294, that is, when the value of the foreign direct investment value is 0.5294, the energy efficiency is affected by the intermediate effects of the technical effects and financial support. When the government intervention variable value is lower than 0.5294, the PSTR model tends to low regime, the maximum value of technical progress on energy efficiency promotion is −3.1345, and when the value of foreign direct investment variable is greater than 0.5294, PSTR model tends to high regime, and technological progress on energy. The effect of efficiency is finally enhanced to 0.2166 through the smooth transfer function, which means that the increase of foreign direct investment will increase the impact of technological progress on energy efficiency. For financial support variables, when the PSTR model tended to low regime, the maximum value of bank loans for energy efficiency promotion was 2.1646. The PSTR model tended to high regime, and the effect of bank loans on energy efficiency eventually weakened to 0.5196 through the smooth transfer function. The increase of foreign direct investment will reduce the impact of bank support on energy efficiency. When the PSTR model tended to low regime, the maximum value of the listed company's total market value for energy efficiency promotion was 0.2016. When the PSTR model tended to high regime, the impact of the listed company's total market value on energy efficiency eventually weakened to −0.08 through the smooth transfer function. This means that the increase of foreign direct investment will reduce the impact of capital markets on energy efficiency. The impact of the insurance industry on energy efficiency is not significant. The results of model (8) show that the positional parameter of the model is 0.7141, that is, when the energy consumption structure variable value is 0.7141, the energy efficiency is affected by the intermediate point of different effects produced by technological progress and financial support. When the government intervention variable value is lower than 0.7141, the PSTR model tends to low regime, and the maximum value of technological advancement for energy efficiency promotion is −3.1179, while when the energy consumption structure variable value is greater than 0.7141, PSTR model tends to high regime, and technological progress to energy. The effect of efficiency is eventually enhanced to 0.4442 through the smooth transfer function, implying that the increase in energy consumption structure will increase the impact of technological advances on energy efficiency. For the financial support variables, the PSTR model tends to low regime, the maximum value of bank loans for energy efficiency promotion is 2.631, the PSTR model tends to high regime, and the effect of bank loans on energy efficiency eventually weakens to 0.6728 through the smooth transfer function, implying that the increase in energy consumption structure will reduce the impact of bank support on energy efficiency. When the PSTR model tended to low regime, the maximum value of the listed company's total market value for energy efficiency promotion was −0.2930. The PSTR model tended to be high regime, the impact of the listed company's total market value on energy efficiency eventually weakened to −0.5946 through the smooth transfer function. This means that the increase in energy consumption structure will reduce the impact of capital markets on energy efficiency. The impact of the insurance industry on energy efficiency is not significant.
The results of model (9) show that the positional parameter of the model is 0.58, that is, the industrial structure variable value is 0.58, and the energy efficiency is affected by the technical development and financial support. When the government intervention variable value is lower than 0.58, the PSTR model tends to low regime, the maximum value of technological progress on energy efficiency promotion is −3.1179, and when the industrial structure variable value is greater than −3.0014, the PSTR model tends to high regime, and technological progress on energy. The effect of efficiency is eventually enhanced to 0.4482 through the smooth transfer function, implying that the increase in industrial structure will increase the impact of technological advances on energy efficiency. For the financial support variable, the PSTR model tends to low regime, the maximum value of bank loans for energy efficiency promotion is −2.9918, thePSTR model tends to high regime, and the effect of bank loans on energy efficiency ultimately increases to 0.0099 through smooth transfer function. The increase in industrial structure will increase the impact of bank support on energy efficiency. When the PSTR model tends to low regime, the maximum value of the listed company's total market value to promote energy efficiency is 0.3786, the PSTR model tends to high regime, and the impact of the listed company's total market value on energy efficiency eventually weakens to 0.077 through the smooth transfer function. The improvement of industrial structure will reduce the impact of capital markets on energy efficiency. The impact of the insurance industry on energy efficiency is not significant.
Conclusion
In this paper, we use the DEA-Malmquist model to measure the energy efficiency of China's provinces, and use the PSTR to empirically test the nonlinear relationship between financial support, technological progress and energy efficiency. The results show that financial support and technological progress generally is conducive to increasing energy efficiency. However, the increment effect of financial support and technological progress on energy efficiency transitions smoothly between high and low regimes with the changes of the transition variables, such as local government expenditure; foreign direct investment, energy structure and industrial structure. Specifically, government intervention will reduce the effect of technological advancement on energy efficiency, and increase the effect of bank loans and the total market value of listed companies on energy efficiency. Foreign direct investment, energy consumption structure and industrial structure, will improve the effect of technological progress on energy efficiency. Foreign direct investment and energy consumption structure will reduce the effect of bank loans on energy efficiency, where as industrial structure will increase the effect of bank loans on energy efficiency. Foreign direct investment, energy consumption structure and industrial structure will reduce the efficiency of listed companies in promoting energy efficiency. The effect of insurance depth on energy efficiency is not significant.
